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1  Introduction

In response to the RAN1 LS in [1] on the carrier aggregation to enable the use of wider bandwidths in LTE advanced, a number of contributions were presented in the last meeting. 

Finally in an ad hoc session 4 carrier aggregation scenarios were prioritized for the initial investigation [2]. The objective of the initial studies is to focus on parameters, which are crucial for the ITU-R submission due in June. Hence, according the agreed time plan RAN4 needs to complete the necessary investigation by the May meeting. The feasibility of the remaining carrier aggregation scenarios proposed by operators is to be carried out at a later stage once work on ITU-R submission has been concluded [3]. 
In this paper we analyze the 4 prioritized scenarios and express our views on the feasibility of these scenarios.  
2  Summary of Agreed Carrier Aggregation Scenarios
The table below, which is reproduced from [2] and [3], provides an overview of the 4 agreed scenarios to be addressed by RAN4. In scenarios # 7 and # 10 the carriers are aggregated from 3 different frequency bands. But as agreed in the ad hoc session [2] that for ITU-R submission scenarios these scenarios (#7 and #10) are to be evaluated for 2 band combination. 
Table 1: Agreed carrier aggregation scenarios for initial investigation

	Scenario No.
	Deployment Scenario
	Transmission BWs of LTE-A carriers
	No of LTE-A component carriers
	Bands for LTE-A carriers
	Duplex modes

	1
	Single-band contiguous spec. alloc. @ 3.5GHz band for FDD
	UL: 40 MHz

DL: 80 MHz
	UL: Contiguous 2x20 MHz CCs

DL: Contiguous 4x20 MHz CCs
	3.5 GHz band
	FDD

	2
	Single-band contiguous spec. alloc. @ Band 40 for TDD
	100 MHz
	Contiguous 5x20 MHz CCs
	Band 40 (2.3 GHz)
	TDD

	7
	Multi-band non-contiguous  spec. alloc. @ Band 1, 3 and 7 for FDD
	UL: 40 MHz

DL: 40 MHz
	UL/DL: Non-contiguous 10 MHz CC@Band 1 + 10 MHz CC@Band 3 + 20 MHz CC@Band 7
	Band 3 (1.8 GHz)
Band 1 (2.1 GHz)
Band 7 (2.6 GHz)
	FDD

	10
	Multi-band non-contiguous  spec. alloc. @ Band 39, 34, and 40 for TDD
	90 MHz
	Non-contiguous 2x20 + 10 + 2x20 MHz CCs
	Band 39 (1.8GHz)
Band 34 (2.1GHz)
Band 40 (2.3GHz)
	TDD


3 Issues and Parameters for ITU-R Submission 

Due to limited time we feel that it is important that RAN4 focus on issues and parameters, which are critical for ITU-R submission.
A complete list of parameters, which are to be addressed in the ITU-R submission template, is provided in [2]. Since the focus of this paper is on carrier aggregation, therefore, we specifically address the following: 
4.2.3.2.23.5 Does the proposal satisfy a specific spectrum mask? Provide details. (This information is not intended to be used for sharing studies.)

The above implies that for the ITU-R submission RAN4 needs to specifically study the impact of various carrier aggregation scenarios on the spectrum emission mask requirements. 

Note that other radio requirements such as TX-RX separation, ACS, ACLR, blocking etc., shall also be impacted by the carrier aggregation. The actual impact will depend upon the type and nature of carrier aggregation scenario characterized by factors such as: number of carriers, contiguous or non-contiguous intra-band carriers, inter-band carriers etc. Eventually RAN4 has to study the carrier aggregation with respect to these additional radio requirements. But due to time constraint, the remaining scenarios need not be addressed by May.
4 Analysis of Carrier Aggregation Scenarios
4.1 Scenario # 1: FDD contiguous carrier aggregation in 3.5 GHz
This scenario comprises of 4x20 MHz and 2x20 MHz aggregated carriers in downlink and uplink directions respectively.

The simplest approach would be to aggregate all component carriers by maintaining the exsiting 2 MHz guard band between 20 MHz component carriers. This arrangement is shown in figure 1. As also analyzed in [4], this would require multiple IFFT at the transmitter (i.e. one IFFT per component carrier). Furthermore, this approach is spectrum inefficient since significant amount of spectrum cannot be reused. In case of 4x20 MHz, about 8 MHz would constitute the aggregated guard band, which cannot be used for the data transmisson. 
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Figure 1: Approach # 1: contiguous carrier aggregation with separate IFFT and large guard band (as in Rel- 8)  
The second approach is shown in figure 2, in which the compononent carriers are closely placed. Due to the practical limitation, such an arrangement has to be realized by using separate RF components. There are 2 main advantages. Firstly this is spectrum efficient. Secondly single IFFT can be used to generate the aggregated carriers. Due to these reasons we recommend that approach#2 is used for contiguous carrier aggregation. 

In order to maintain backward compatibility the spacing between the centers (DC sub-carrier) of the component carriers, while aggregating according to approach # 2, should be multiple of 300 kHz. This was also recommended by RAN1 in their LS since 300 kHz is multiple of both 15 kHz (sub-carrier spacing) and channel raster (100 kHz) [1]. 
Our internal investigation reveals that carrier aggregation according to approach#2 (i.e. without any guard band) is feasible from the base station implementation perspective. More specifically as conclusion is as follows:  
· The orthogonality between the sub-carriers across multiple component carriers can be maintained by aggregating component carriers according to approach #2. 
· The the spacing between the centers (DC sub-carrier) of the component carriers should be multiple of 300 KHz. Thus in order to maintain the backward compatibility, the aggregation of legacy (release 8) 20 MHz component carriers, each comprising of 1201 sub-carriers (1200 + DC), 19 unused carriers are required in between the component carriers; since 1220 x15 kHz is multiple of 300 kHz. 
· Since the component carriers are transparently combined in the air, therefore a single spectrum emission mask across the aggregated carriers would be specified. It is important to develop practical models of the mask for different number of aggregated carriers: 2, 3 and 4. For all these scenarios, the 20 MHz legacy (release 8) spectrum emission mask requirements also apply. 
· The unused 19 sub-carriers as described above are required to maintain the backward compatibility (i.e. for maintaining release 8 numerology as envisaged by RAN1 in their LS) but not for any RF implementation specific reason or for fulfilling the sepectrum emission mask requirements.
Some specific issues related to terminal are discussed in a separate contribution [5].
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Figure 2: Approach # 2: contiguous carrier aggregation with single IFFT and without or small guard band; guard band should be multiple of 300 KHz

4.2 Scenario # 2: TDD contiguous carrier aggregation in 2.3 GHz

This scenario comprises of 5x20 MHz aggregated carriers. 

The two approaches of aggregating the component carriers discussed in section 4.1 are also possible for this TDD scenario. However, as anayzed in section 4.1, we prefer approach # 2 (i.e. with small guard band) for performing contiguous carrier aggregation. Hence also for TDD our preference is to use approach #2. Similarly the issues related to the second approach listed in section 4.1, also need to be addressed for TDD. 
According to our investigation, the 20 MHz legacy (release 8) spectrum emission mask requirements apply to various TDD contiguous carrier aggregation scenarios (i.e. 2, 3, 4 or 5 contiguous 20 MHz carriers). Similarly unused 19 sub-carriers between the component TDD carriers are required only for maintaining the release 8 numerology.
4.3 Scenario # 7: FDD multi-band carrier aggregation
Figure 3 illustrates the frequency arrangement for band # 3 and band # 1. The figure shows that there is sufficient frequency gap between the 2 bands. Thus aggregation of carriers belonging to these bands could be realized by fulfilling release 8 spectrum emission mask requirements.  
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Figure 3: Band arrangement of band # 3 and band # 1

Figure 4 illustrates the frequency arrangement for band # 1 and band # 7. The figure shows that the frequency gap between the 2 bands is significantly larger compared to the previous band combination in figure 3. Obviously the aggregation of carriers belonging to these bands in figure 4 could also be realized by fulfilling release 8 spectrum emission mask requirements.  
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Figure 4: Band arrangement of band # 1 and band # 7

4.4 Scenario # 10: TDD multi-band carrier aggregation
Figure 5 illustrates the frequency arrangement for band # 39 and band # 34. The figure shows that there is sufficient frequency gap between the 2 bands. Thus firstly the aggregation of single carrier per band across these bands could easily be realized by fulfilling the legacy release 8 spectrum emission mask requirements. 

But additionally according to this scenario (#10) and assuming dual band combination, 2x20 MHz contiguous carriers from band 39 are aggregated with 1x10 MHz from band 34. For the contiguous carrier aggregation in band 39, the same explanation as described in section 4.2 for scenario # 2 also holds good. This means the contiguous carrier aggregation is realized by a single IFFT at the transmitter. Similarly the corresponding spectrum emission mask requirements (i.e. of the aggregated component carriers) are the same as specified for release 8 (20 MHz case). 
Hence, based on the above arguments, for scenario #10 as illustrated in figure 5, the legacy release 8 spectrum emission requirements apply and is thus feasible and realizable. 
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Figure 5: Band arrangement of band # 39 and band # 34

Figure 6 illustrates the frequency arrangement for band # 34 and band # 40. The figure also shows that there is sufficient frequency gap between the 2 bands. The aggregation of single carrier per band across these bands could also easily be realized by fulfilling the leagacy spectrum emission mask requirements. 

Furthermore, 2x20 MHz contiguously aggregated carriers in band 40 are further aggregated with 1x10 MHz carrier in band 34. Hence the same reasoning as mentioned above also applies for this scenario. This means the legacy release 8 spectrum emission requirements are also applicable for the scenario in figure 6.
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Figure 6: Band arrangement of band # 34 and band # 40

5 Summary
In this paper we have briefly analyzed the 4 agreed carrier aggregation scenarios focusing on some important parameters, notably emission mask requirements, as part of ITU-R submission. 
In case of contiguous carrier aggregation for both TDD and FDD, we suggest that carriers are transparently combined without any guard band to prevent the wastage of spectrum. From the base station implementation perspective this is realizable and feasible. Furthermore, for both TDD and FDD contiguous carrier aggregation scenarios, the legacy release-8 (20 MHz) spectrum emission requirements apply. However, few extra unused sub-carriers are needed between the component carriers to maintain release 8 numerology. 
In case of the agreed multi-band carrier aggregation scenarios, the aggregation across the proposed bands could also be realized without specifying any new spectrum emission requirements.
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